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(S) Fog-free electrophoresis device. 

(57) An electrophoresis device consists of a hous- 
ing which has opening(s) for the movement of 
gases from inside the housing to outside the 
housing and opening(s) for the movement of 
gases from outside the housing to inside the 
housing, whereby the condensation of gases on 
the inside of the housing is avoided or mini- 
mized. 
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Field of Invention 

This invention relates to an electrophoresis device. More specifically this invention relates to a low fog 
electrophoresis device. 

5 

Background of the Invention 

A great number of electrophoresis devices exist which take advantage of the principle that charged par- 
ticles suspended between poles of an electric field tend to migrate toward the pole whose charge is opposite 

10 to that of a given particle. Most electrophoresis devices consist of a housing which encloses two electrodes 
and a separating medium, such as a gel matrix, in a buffer solution. The housing usually consists of a horizontal 
box-shaped or cylindrical-shaped base which is open on the top and a cover which fits over the base providing 
an air-tight housing. In use, as electrophoresis progresses, the high voltages across the gel matrix and the 
buffer solution cause volatiles, vapors, and steam, collectively referred to as gases, to evolve from the buffer 

15 solution and the gel matrix. Some of the gases condense on the inside cover of the electrophoresis device 
making it difficult for the operator of the electrophoresis device to watch the progress of the electrophoresis 
procedure. 

Therefore, there is a need for an electrophoresis device which eliminates or minimizes the condensation 
of gases on the inside housing of the electrophoresis device, thereby making it possible for the operator to 
20 easily watch the progress of electrophoresis experiments. 

Summary of the Invention 

This invention provides an electrophoresis device consisting of a housing, an electrophoresis chamber en- 
25 closed by the housing, and a plurality of electrodes located in the electrophoresis chamber. The housing has 
an inlet portion having an inlet, and an outlet portion having an outlet. The inlet of said inlet portion and the 
outlet of said outlet portion provide for the communication of gases into and out of the electrophoresis chamber. 
The inlet consists of one or more openings. The outlet consists of one or more openings. The opening or open- 
ings for the inlet and outlet are preferably separate. Additionally, the outlet portion is preferably located above 
30 the inlet portion on the electrophoresis housing. Further, the communication of gases into and out of the elec- 
trophoresis chamber preferably occurs simultaneously. 

Therefore, this invention provides a low fog electrophoresis device. The inlet and outlet in the electrophor- 
esis device housing provide for the circulation of gases from inside the housing to outside the housing and 
drier air from outside the housing to inside the housing. This circulation of gases eliminates or minimizes the 
35 condensation of the gases on the inside of the housing of the electrophoresis device making it possible for an 
operator to watch the progress of electrophoresis experiments. Additionally, the circulation of gases provides 
a mechanism to cool the separating medium. 

Other advantageous features will become apparent upon reference to the attached drawings, when read 
in light of the Description of the Preferred Embodiments. 

40 

Brief Description of the Drawings 

Fig. 1 is an exploded view of an electrophoresis device of the invention; 
Fig. 2 is a side view of the electrophoresis device shown in Fig. 1 .; and 
45 Fig. 3 is a cross-sectional view of the tray of the electrophoresis device shown in Fig. 1 , taken substantially 

along the line Ill-Ill of Fig. 1. 

Description of the Preferred Embodiments 

50 in the following description, the invention is described in connection with a preferred embodiment, in which 

the housing of the electrophoresis device has a horizontal configuration including a trapazoidal-shaped cover 
and base, and multiple openings in both the inlet portion and the outlet portion to allow the movement of gases 
from and into the housing. However, the invention is useful if the electrophoresis device has altered config- 
urations, for example a vertical configuration. 

55 The "inlet portion" is defined as the part of the electrophoresis housing surrounding the inlet for the move- 

ment of gases into the electrophoresis housing. The "inlet" refers to the one or more openings in the inlet por- 
tion. The "outlet portion" is defined as the part of the electrophoresis housing surrounding the outlet for the 
movement of gases out of the electrophoresis housing. The "outlet" refers to the one or more openings in the 
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outlet portion. 

An electrophoresis device 10 of the invention shown in Figs. 1 and 2 consists of a cover 12 and a base 
14. The cover 12 and the base 14 can be made of transparent material. Together the cover 12 and the base 
14 make up the housing 16. The housing 16 is electrically insulating. The cover 12 is disposed on base 14 in 

5 roughly the same manner as a roof on a house. The overall shape of cover 12 and base 14 is not critical to 
the practice of the invention; however, a preferred overall shape will be described herein. The base 14 is con- 
structed to form a water-tight buffer solution compartment 17 as defined by a bottom wall 18, side walls 20 
and end walls 22. The uppermost surface area of the buffer solution compartment is defined as the uppermost 
surface area of the buffer solution when the compartment 17 is filled with buffer solution. Afill level 70 for the 

10 buffer solution is indicated in Fig. 2. Bottom wall 18 includes a step-up bridge 28. When not in use, step-up 
bridge forms a convenient hand grip for transporting the electrophoresis device 10. 

In this embodiment, side walls 20 each have inwardly sloped end margins 202 and an upper margin 206 
that includes a central notch 204. End walls 22 extend between side walls 20 at opposite ends of base 14. 
End walls 22 are each inset from adjoining end margins 202 of side walls 20 and have substantially the same 

15 slope as respective end margins 202. End walls 22 each terminate at an upper end 208 that is lower than ad- 
joining portions of upper margin 206 of side walls 20. 

Electrode units 46 consist of metal wires 48, preferably platinum wires, which are exposed and held on 
mounting members 50 and placed in the opposite bottom corners of compartment 17 of electrophoresis device 
10. Insulated conductors 49 join wires 48 to electrical connectors 60. Electrical connectors 60 are removably 

20 attached to the base 14 through holes 65. Rubber washers 64 help to protect the electrical connection between 
the electrical connectors 60 and the insulated conductors 49 from the buffer solution when it fills the compart- 
ment 17. Plastic nuts 68 capture and retain the washers 64 and the end of the wires 48. 

Referring now to Figures 1, 2 and 3, a tray 30 is in place in housing 16. Tray 30 has wings 32 which rest 
in notches 204 of side walls 20. Wings 32 have a width approximately equal to the thickness of side walls 20. 

25 Tray 30 also has side members 34 and a bottom member 36. The bottom member 36 rests on the step-up 
bridge 28. The gel matrix 38 rests on the bottom member 36 of tray 30. The gel matrix can be formed on the 
bottom member 36 by any method known in the art. For example, one known method is to use a casting fixture 
and a comb-shaped device to provide holes in the gel for receiving the sample(s). 

The cover 12 has a top 210 which is formed to opposed sides 212 and opposed ends 214. Top 210 is pre- 

30 ferably flat. Sides 212 and ends 214 each include a notch 216. Cover 12 is longer and wider than the base 14. 
Top 210 includes a series of parallel slots 81 which are referred to collectively as outlet 220. 

An outside electrical source is attached via insulated conductors 42 with cylindrical molded ends 40 which 
removably plug into receivers 44 on cover 1 2. Electrical connectors 60 contact receivers 44 only when the cover 
12 is properly positioned onto the base 14 - this position of the cover and base will be referred to herein as 

35 the "operative position." When the cover 12 and the base 14 are in the operative position, electric current from 
the electrical source flows into and out of the electrophoresis device 10. The operative position of the base 
14 and the cover 12 is shown in Figure 2. 

Unless otherwise indicated this paragraph describes the electrophoresis device when the cover 12 and 
the base 14 are in the operative position as shown in Fig. 2. Cover 12 is supported by the receivers 44 which 

40 rest on the electrical connectors 60 and by a cover support 218 which rests on one of the wings 32 of the tray 
30. The cover support 218 is a molded notch in the top 210 of cover 12. Top 210 of cover 12 is substantially 
parallel to step-up bridge 28. Sides 212 and ends 214 of the cover 12 are parallel to respective side walls 20 
and end walls 22 of the base 14. Top 210 is spaced apart from upper ends 206 of side walls 20 and upper 
ends 208 of end walls 22. An electrophoresis chamber 85 is the area inside the cover 1 2 and the base 1 4. The 

45 electrophoresis chamber 85 includes the buffer solution compartment 1 7 and the area above the compartment 
17 and under the cover 12. Because the sides 212 and ends 214 of the cover 12 are longer and wider than 
the side walls 20 and the end walls 22 of the base 14, inlet openings 91 are defined by the cover 12 and the 
base 14. The ends 214 of cover 12 and end walls 22 of base 14 define a pair of opposed inlet openings 91, 
and the sides 212 of the cover 12 and the side walls 20 define another pair of opposed inlet openings 91 . The 

50 inlet openings 91 collectively make up the inlet 230. The inlet 230 provides for the movement of gases into the 
electrophoresis chamber 85 from outside the electrophoresis housing 16. 

The housing 16 has an outlet portion 80 and an inlet portion 90. The outlet portion 80 in this embodiment 
is the cover 12 which has parallel slots 81 in it. The inlet portion 90 consists of the cover 12 and the base 10 
which define multiple openings 91 when the cover 12 and the base 10 are in the operative position. 

55 The outlet 220 and the inlet 230 can be made in any shape or size and can be located only on the cover 

1 2 and/or only on the base 1 4 as long as the gases can enter and exit the electrophoresis device. One opening 
could even serve as the inlet and the outlet. However, it is preferred that the opening or openings which provide 
direct access to electrical parts not have a thickness greater than 3 mm, because this is the maximum space 
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allowable for access to uninsulated electrical parts as established by the Electrical Safety Code for Hospital 
and Laboratory Equipment ESCHLE (1983). In other words, in this embodiment the openings 81 on the cover 
12 can be any shape as long as a test probe having a diameter of greater than 3 mm is excluded from the 
openings 81. 

5 The optimum number of openings 81 , 91 for the outlet and inlet will depend on the area of each opening. 

In the embodiment described herein, the area of the openings 81 for the outlet 220 is related to the size of the 
top 210 of the cover 12. The area of the outlet 220 is preferably 1 to 75 percent, more preferably 3 to 30 percent 
and most preferably 4 to 7 percent of the area of the top 21 0. The area of the inlet 230 is at least equal to the 
area of the outlet 220, more preferably the inlet 230 has an area at least 20 percent greater than the outlet 

10 220. The area of the outlet 220 may be related to the uppermost surface area of the buffer solution compart- 
ment which is the uppermost surface area of the buffer solution when the buffer solution compartment 17 is 
filled with buffer solution. The area of the outlet 220 is preferably 1 to 75 percent, more preferably 3 to 30 per- 
cent and most preferably 4 to 7 percent of the uppermost surface area of the buffer solution compartment. 
Again, the area of the inlet 230 is at least equivalent to the area of the outlet 220, more preferably the inlet 230 

15 has an area at least 20 percent greater than the outlet 220. 

For best results, the electrophoresis device 1 0 should be level when in use. To check if the electrophoresis 
device 10 is level, a removable leveling bubble 8 is supplied. Alternately, the leveling bubble could be perma- 
nently attached to the housing 16. Prior to use the leveling bubble 8 is placed onto the tray 30 when the tray 
30 is in the electrophoresis device 10 and the electrophoresis device 10 is leveled. Once the electrophoresis 

20 device 10 is level, the removable leveling bubble 8 should be removed from the electrophoresis device 1 0 prior 
to use. To perform an electrophoresis experiment, the tray 30 is placed on the step-up bridge 28, and buffer 
solution is added to compartment 17 to a level that is above the level of the gel matrix 38, for example, to fill 
level 70. Then, a sample is prepared and added, usually by pipette to one end of the gel matrix 38 on the tray 
30. Next, the cover 12 is placed onto the base 14 in the operative position which completes the electrical circuit 

25 and therefore starts the electrophoresis experiment. During the experiment gases evolve from the buffer sol- 
ution. These gases exit the electrophoresis chamber 85 through the outlet 220 in the outlet portion 80 and 
drier gases from outside the electrophoresis device 1 0 enter the electrophoresis chamber 85 through the inlet 
230 in the inlet portion 90 of the electrophoresis device 10. This movement of gases prevents the fogging of 
the electrophoresis device and provides a mechanism to cool the separating medium. 

30 Although not wishing to be bound by theory, it is believed that the communication of gases into and out 

of the electrophoresis chamber occurs by convection, that is, hot gases evolved from the buffer solution rise 
and exit the electrophoresis chamber 85 through the slots 81 in the outlet portion 80 while colder, drier air or 
gases are drawn into the electrophoresis chamber 85 through opening(s) 91 in the inlet portion 90. 
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PARTS LIST 




10 


electrophoresis device 




12 


cover 




14 


base 


40 


16 


housing (base and cover) 




17 


buffer solution compartment 




18 


bottom wall of base 




20 


side walls of base 




22 


end walls of base 


45 


28 


step-up bridge (part of bottom wall) 




38 


gel matrix 




30 


tray 




32 


wings of tray 




34 


sides of tray 


50 


36 


bottom of tray 




46 


electrode units 




48 


wire on electrode units 




50 


mounting members of electrode units 




42,49 


insulated conductors 


55 


60 


electrical connectors 




64 


rubber washers 




68 


plastic nuts 




40 


cylindrical molded ends 
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44 


receivers 




8 


leveler 




80 


outlet portion 




90 


inlet portion 


5 


81 


opening in outlet portion 




91 


openings in inlet portion 




85 


electrophoresis chamber 




202 


end margins of side walls of base 




206 


upper margins of side walls of base 


10 


204 


central notch of upper margin of side walls of base 




208 


upper end of end walls of base 




65 


holes in base 




210 


top of cover 




212 


sides of cover 


15 


214 


ends of cover 




220 


outlet 




230 


inlet 




216 


notches in cover 




218 


cover support 


20 


70 


fill level 




Claims 





25 1 . An electrophoresis device comprising: 

a housing comprising an inlet portion and an outlet portion; an electrophoresis chamber enclosed by said 
housing; and a plurality of electrode units located in said electrophoresis chamber; wherein said inlet por- 
tion and said outlet portion provide for the communication of gases into and out of said electrophoresis 
chamber. 

30 

2. A device as defined in claim 1 , wherein said housing further comprises a cover and a base, wherein said 
cover is transparent and comprises said outlet portion. 

3. A device as defined in claim 2, wherein said outlet consists of multiple parallel slots. 

35 

4. A device as defined in claim 3, wherein a test probe having a diameter of 3 mm is excluded from said 
slots. 

5. A device as defined in claim 1, wherein said base and said cover comprise said inlet portion. 

40 

6. A device as defined in claim 5, wherein said inlet consists of multiple openings defined by said cover and 
said base. 

7. A device as defined in claim 1, wherein said housing further comprises a cover and a base, said cover 
45 comprises said inlet portion and said outlet portion. 

8. A device as defined in claim 8, wherein a test probe having a diameter of 3 mm is excluded from said 
outlet. 

50 9. An electrophoresis device comprising: 

a housing comprising an inlet portion having an inlet, and an outlet portion having an outlet; a buffer sol- 
ution compartment;, and a plurality of electrode units located in said buffer solution compartment; wherein 
said inlet and said outlet provide for the communication of gases into and out of said housing. 

55 10. A device as defined in claim 9, wherein said housing further comprises a cover and a base, and said base 
defines said buffer solution compartment. 

11. A device as defined in claim 10, further comprising a buffer solution compartment and wherein the area 
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of said outlet comprises 1 to 75 percent of the uppermost surface area of said buffer solution compart- 
ment. 

12. A device as defined in claim 11, wherein the area of said outlet further comprises 3 to 30 percent of the 
5 uppermost surface area of said buffer solution compartment. 

13. A device as defined in claim 12, wherein the area of said outlet further comprises 4 to 7 percent of the 
uppermost surface area of said buffer solution compartment. 

10 14. An electrophoresis device comprising: 

a housing comprising an inlet portion having an inlet, and an outlet portion having an outlet, said outlet 
portion being located above said inlet portion; a buffer solution compartment within said housing; and a 
plurality of electrodes located in said buffer solution compartment; wherein said inlet and said outlet pro- 
vide for simultaneous communication of gases into and out of said electrophoresis chamber. 

15 

15. A device as defined in claim 14, further comprising a step-up bridge and wherein said housing further 
comprises a cover and a base, wherein said cover comprises said outlet portion. 

16. A device as defined in claim 15, wherein said outlet portion comprises at least one opening and a test 
20 probe having a diameter of 3 mm is excluded from each said opening of said outlet portion. 

17. A device as defined in claim 16, wherein said cover is removably mounted on said base and said cover 
further comprises a top. 

A device as defined in claim 17, wherein the area of said outlet comprises 1 to 75 percent of the surface 
area of said top. 

A device as defined in claim 16, wherein the area of said inlet is at least equivalent to the area of said 
outlet. 

A device as defined in claim 1 9, wherein the area of said outlet further comprises 3 to 30 percent of the 
surface area of said top. 



25 18. 
19. 
20. 
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